-EXPRESS MAIL NO. EV336610801US — 



(19) 



J 




(12) 



(43) Date of publication: 

24.09.1997 Bulletin 1997/39 



Europaisches Patentamt 
European Patent Office 
Office europ*en des brevets (1 1} EP 0 797 1 45 A1 

EUROPEAN PATENT APPLICATION 

(51) Into. 6 : G06F 11/20 



(21) Application number: 96830144.0 

(22) Date of filing: 22.03.1 996 



lO 

T- 

o> 

o 
a. 

UJ 



(84) Designated Contracting States: 
DE FR GBIT 

(71) Applicant: SGS- 

THOMSON MICROELECTRONICS S.r.1. 
20041 Agrate Brianza (Milano) (IT) 

(72) Inventors: 

• Villa, Corrado 
20050 Sovico (IT) 



• Dallabora, Marco 
20080 Carplano (IT) 

• Tassan Caser, Fabio 
20148 Milano (IT) 

(74) Representative: Mittler, Enrico et al 
c/o Mittler & C. s.r.l., 
Viale Lombardia, 20 
20131 Milano (IT) 



<54) ^n^ e<MCBlfV eraSaWe and non-volatile memory device with 



(57) A sectorized electrically erasable and program- 
mable non-volatile memory device comprises: a plural- 
ity of individually-addressable memory sectors (S1-S8), 
each memory sector comprising an array of memory 
cells (MC) arranged in rows (WL0-WL255) and columns 
(BL0-BL255); redundancy columns (RBL0-RBL3) of 
redundancy memory cells (RMC) for replacing defective 
columns of memory cells; and a redundancy control cir- 
cuit (CAM1-CAM4,5-7,12) for storing addresses of the 
defective columns and activating respective redundancy 
columns when said defective columns are addressed. 
Each memory sector comprises at least one respective 
redundancy column (RBL0-RBL3). The redundancy 

Qg.5 



control circuit comprises at least one memory means 
(CAM1-CAM4) comprising individually addressable 
memory locations each one associated to a respective 
memory sector for storing, individually for each memory 
sector, addresses of a defective column belonging to 
the memory sector, and an address recognition means 
(5,6,7) associated to said memory means for recogniz- 
ing if a current address supplied to the memory device 
coincides with a defective column address stored in an 
addressed one of said memory locations associated to 
a currently addressed memory sector. 
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Description 



The present invention relates to a sectorized elec- 
tncally erasable and programmable non-volatile mem- 
EEPRoIT ^ redundancy ' P articulart y to a Flash s 

It is known that Rash EEPROMs. like EEPROMs 
are electrically erasable memory devices. However' 
Flash EEPROMs are characterized by higher integra- 
tion densities (memory cells per unit area of the chip) w 
comparable with those achievable in UV-erasaWe 
EPROMs. This feature is achieved by renouncing to the 
posabilrty of erasing the memory device at single bytes 
at a time, a typical feature of EEPROMs: Flash EEP- 
ROMs. like EPROMs, are "bulk erasable" devices is 
wherein the erase operation involves all the memory 
cells at a time. 

To limit the drawbacks of the bulk erase feature and 
mease the flexibility of the memory device. Flash 
EEPROMs (at least those with large memory size) are zo 
sectonzed". i.e. the array of memory cells is divided in 
a plurality of memory sectors which can be individually 
erased independently from each other. The memory 
sectors form independent memory areas; during read- 
ing, only one memory sector is addressed at a time 25 

The arrangement of the array of memory cells in 
independent memory sectors affects the architecture of 
redundancy. 

As known, redundancy is the complex of circuits 
and 'additional memory elements provided in a memory 30 
dev.ce to "repair defective memory elements: by 
means of redundancy, a memory device affected by at 
most a limited number of defects can be recovered. 

Redundancy memory elements are memory cells 
identical to the memory cells of the memory array, ss 
arranged in rows (redundancy row) or columns (redun- 
dancy columns). The redundancy circuits control the 
selection of a given redundancy row or redundancy col- 
umn in substitution for a row or column of the memory 
array in which at least one defective memory cell is « 

?h ^ ,0 th ' S P"^ 6, redund ancy circuits store 
the addresses of the rows or columns containing defec- 
tive memory cells, so that when the defective rows or 
columns are accessed (during reading or programming) 
they are not selected, and the corresponding redun- « 
dancy memory elements are selected. The functional 
substitution of defective rows or columns with redun- 
dancy ones is performed during in-factory testing of the 
memory device, and is normally transparent to the end 
user. 

The provision of redundancy in a memory device * 
dearly has a cost in terms of chip area; the number of 
redundancy memory elements (redundancy rows or 
columns) to be provided must be evaluated on the basis 
of the overall yield, taking into account the defectivity of 55 
the manufacturing process and the number of defective 
memory device chips which can be recovered. 

As previously mentioned, the presence of inde- 
pendent memory sectors in a Flash EEPROM affects 



the redundancy architecture 

In view of the state of the art described, it is an 
object of the present invention to provide a sectorized 
electrically erasable and programmable non-volatile 
memory device with redundancy. 

According to the present invention, such object is 
achieved by means of a sectorized electrically erasable 
and programmable non-volatile memory device, com- 
prising a plurality of individually-addressable memory 
sectors, each memory sector comprising an anay of 
memory cells arranged in rows and columns, redun- 
dancy columns of redundancy memory cells for replac- 
ing defective columns of memory cells, and a 
redundancy control circuit for storing addresses of the 
defective columns and activating respective redundancy 
columns when said defective columns are addressed 
characterized in that each memory sector comprises at 
least one respective redundancy column and in that 
said redundancy control circuit comprises at least one 
memory means comprising individually addressable 
memory locations each one associated to a respective 
memory sector for storing, individually for each memory 
sector, addresses of a defective column belonging to 
the memory sector, and an address recognition means 
associated to said memory means tor recognizing if a 
current address supplied to the memory device coin- 
cides with a defective column address stored in an 
addressed one of said memory locations associated to 
a cunently addressed memory sector. 

Thanks to the present invention, it is possible to 
substitute a defective column belonging to a given 
memory sector with a redundancy column associated to 
said sector, independently from the other memory sec- 
tors of the memory device. 

These and other features and advantages of the 
present invention will be made apparent from the follow- 
ing detailed description of a particular embodiment 
described as a non-limiting example in the annexed 
drawings, wherein: 



Fig. 1 is a schematic block diagram of a sectorized 
Flash EEPROM with redundancy according to the 
present invention; 

Fig. 2 is a schematic circuit diagram of a column 
decoding architecture of the Rash EEPROM of Rg. 

Rg. 3 shows the schematic physical structure of the 
column decoding architecture shown in Rg. 2- 
Rg. 4 is a schematic physical layout of a portion of 
the Rash EEPROM shown in Fig. 1 ; 
Rg. 5 shows a redundancy control circuit of the 
Rash EEPROM shown in Rg. 1 ; 
Rg. 6 shows a detail of the redundancy control cir- 
cuit of Fig. 5; 

Rg. 7 shows a memory cell of the redundancy con- 
trol circuit; 

Rg. 8 shows a programming circuit for the memory 
cell of Rg. 7; 

Rg. 9 is a schematic diagram of a circuit for gener- 
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ating column selection signals; 
Fig. 10 schematically shows a circuit for selecting 
one of two redundancy operation modes. 

Referring to Fig. 1. a Flash EEPROM according to s 
^ n ^T i "y ention fe ^ comprising a plurality 
(eight m the shown example) of independent individu- 
ally erasable memory sectors S1-S8. The memory sec- 
tors S1-S8 can have equal size, but they could as well 
have different sizes from each other. Supposing for w 
example that the Rash EEPROM is a 4Mbit device with 
ejgth output data lines (i.e. a 512KByte memory) and 
mat the memory sectors S1-S8 have equal size each 
memory sector has a size of 512Kbit 

The memory sectors S1-S8 are divided in two is 
parte, namely a left side Si t-S8L and a right side S1 R- 
S8R. As will be better explained in the following, each 
side of each memory sector includes 256K memory 

2 £2? 3 Ii he i " ,ereecfons °» (word lines) 
WL0-WL255 and columns (bit lines). Associated to 20 
each side of each memory sector is a respective row 
decoder RD for selecting one word line among the 256 
available The division of the memory sectors in two 
sides, each side with its row decoder, allows to keep the 

lengthofmewordlinessufficientlyshortnottocausean ss 
traoc^table increase of the access time of the memory 

Each memory sector S1-S8 is divided into eight 
portions D1-D8 of the same size (64Kbit). each portion 
corresponding to the memory space reserved to a 30 
respective output data line of the memory device The 
eft side Slt-S8L of each memory sector includes the 
first four portions D1-D4, corresponding to the four least 
signrficant bits of the eight output data lines; the right 
side S1R-S8R of the memory sectors includes the 35 
remammg four portions D5-D8, corresponding to the 
tour most significant bits of the eight output data lines 

As visible in Fig. 2. showing in detail the structure of 
a portion Di (i=l.. 8 ) of a given memory sector Sk 

L. J™ ) ^ 8Ch P ° rti0n Di includes 256 » lines BL0- « 
BL255. The memory cells MC are represented by float- 
ing-gate MOS transistor each having a control-gate 
electrode connected to a respective word line (one 
among the 256 word lines WL0-WL255), a drain elec- 

JS!n nneCt ^ *J reSpecBve W ,ine (one amon 9 »Ke 45 
256 bit lines BL0-BL255), and a source electrode con- 
nected in common with the source electrodes of all the 
other memory cells MC of the memory sector Sk to a 
swrtchable source line Stk (which can be switched 
between ground and an erase source voltage supply 1 ) so 
Inside each portion Di. the bit lines BL0-BL255 are 
grouped together in groups of four, each group being 
coupled to a respective second-level bit line B1-B64 
firsHevel selection transistors 2. driven by respective 
irst-level selection signals VO0k-YD3k. allow the selec- ss 
ton of one bit line BL0-BU255 inside each group so that 
the selected bit line BL0-8L255 can be electrically con- 
nected to the respective second-level bit line B1-B64 
As visible in Fig. 1. the second-lev I bit lines B1-B64 of 



a given portion Di of a given memory sector Sk are com- 
mon to all the portions Di of the other memory sectors 
An array of eight column decoders CDi (M..8) (a given 
column decoder CDi being associated to the portions Di 
of all the eight memory sectors S1-S8) allow to select 
one of the 64 second-level bit lines B1 -B64, multiplexing 
ttie 64 second-level bit lines B1-B64 into a single line ti 
g=V.8). As shown in Fig. 2. the second-level bit lines 
B1-B64 are grouped together in groups of eight Each 
column decoder CDi comprises eight groups of eight 
second-level selection transistors 3. driven by second- 
level selection signals YN0-YN7 (common to all the 
memory sectors) and allowing the selection of one of 
the second-level bit lines B1-B64 within each group of 
eight, and eight third-level selection transistors 4, driven 
by third-level selection signals YM0-YM7 (also common 
to all the memory sectors) and allowing the selection of 
one of the eight groups of eight second-level bit lines 
B 1-B64. 

Each column decoder CDi supplies a respective 
sense amplifier SAi (i=1..8). and each sense amplifier 
SAi supplies in turn a respective output buffer OBi 
(1=1. .8) which drives a respective output data line Oi 
(i=1..8). 

vrvJ h J^ reK second " and thi '°'- , evel selection signals 
YO0k-YO3k (k=l.. 8 ), YN0-YN7 and YM0-YM7 are gen- 
erated by a decoding circuit 9 supplied with an address 
signal bus ADD. The generation of the first-, second- 
arid third selection signals will be explained in further 
detail later on. 

When the memory device is accessed in read or 
program mode, eight bit lines will be simultaneously 
selected, one bit line for each one of the eight portions 
D1-D8 of the currently addressed memory sector 

As further shown in Fig. 2. associated to each por- 
tion D. of each memory sector Sk are four columns of 
Ll U ™** nCy mem °ry cells RMC (redundancy bit lines 
RBL0-RBL3). identical to the memory cells MC. Four 
first-level redundancy selection transistors 2R. driven by 
the four first-level selection signals YO0k-YO3k, allow 
the selection of one of the four redundancy bit lines 
RBL0-RBL3, electrically connecting the selected redun- 
dancy bit line to a second-level redundancy bit line RBi 
(i=l..8); the second-level redundancy bit line RBi of a 
given portion Di of a given memory sector is common to 
all the portions Di of the other memory sectors In the 
column decoder CDi. a second-level redundancy selec- 
tion transistor 4R. driven by a second-level redundancy 
selection signal YR (common to all the memory sec- 
tors), allows to electrically connect the second-level 
redundancy bit-line RBi to the sense amplif ier SAi asso- 
ciated to the portion Di. Incidentally, it should be noted 
that the redundancy memory cells RMC do not have the 
source electrodes connected to the common source line 
{>Lk of the memory sector Sk 

Fig. 3 schematically shows the physical structure of 
ttie bit hnes and second-level bit lines. Bit lines BL0- 
BL255 and redundancy bit lines RBL0-RBL3 are local to 
each portion Di (i.e. the bit lines and th redundancy bit 
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lines of a given portion 0{ of a given sector are physi- 
cally distinct from the bit tines and the redundancy bit 
lines of the portions Di of the other memory sectors), 
and are for example formed by means of strips of a first- 
level interconnection layer (for example, in a double 
metal layer manufacturing process, they are formed by 
strips of the first-level metal layer). The second-level bit 
lines B1-B64 and the second level redundancy bit line 
RBi of a given portion Di of a given memory sector are 
instead common to all the portions Di of the other mem- 
ory sectors, and are for example formed by means of 
strips of a second-level interconnection layer fin a dou- 
ble metal layer process, they are formed by strips of the 
second-level metal layer). 

Fig. 4 schematically illustrates the physical arrange- 
ment of the redundancy bit lines inside a memory sec- 
tor. In this figure, only the left side of the memory 
sectors is shown, the right side being simmetrical. The 
sixteen redundancy bit lines (four local redundancy bit 
lines RBL0-RBL3 for each one of the four portions D1- 
D4 in the left side of the memory sectors) are located 
between the portions D2 and D3 of each memory sector 
S1-S8. In the overall, 256 redundancy bit lines are pro- 
vided in the memory device. 

Fig. 5 schematically shows a redundancy control 
circuit integrated in the Flash EEPROM. The circuit 
comprises a Content Addressable Memory (CAM) com- 
prising four memory banks CAM1-CAM4. The first 
memory bank CAM1 is associated to the redundancy bit 
line BLRO in each portion Di of each memory sector Sk; 
similarly, the second, third and fourth memory banks 
CAM2-CAM4 are associated to the redundancy bit lines 
BLR1-BLR3, respectively. Each memory bank CAM1- 
CAM4 comprises eight CAM rows (CAM memory loca- 
tions), individually addressable by means of eight 
respective CAM row selection signals CR1-CR& Each 
CAM row comprises nine memory elements: the first 
eigth memory elements AB0-AB7 are capable of storing 
an eight-bit digital code corresponding to an address of 
a defective bit line among the 256 bit lines BL0-BL255 of 
a portion Di of memory sector, while the ninth memory 
element GB (so-called "guard bin is programmed to 
signal that a defective bit line address is stored in the 
memory elements AB0-AB7. Each CAM row is associ- 
ated to a respective memory sector: for example, the 
first CAM row of each memory bank CAM1-CAM4 is 
associated to the first memory sector S1 , and so on; as 
will be better explained in the following, a given CAM 
row is read when the correspondant memory sector is 
addressed. In this way, rf the currently addressed bit line 
of the currently addressed memory sector is a defective 
bit line, it is possible to substitute the defective bit line 
with a redundancy bit line belonging to the addressed 
memory sector; bit lines belonging to other memory 
sectors but having the same address as the defective bit 
line are not replaced by redundancy bit lines; this per- 
mits to repair a higher number of defects. 

Each one of the nine memory elements AB0-AB7 
and GB in each memory bank CAM1-CAM4 is associ- 



ated to a respective sensing circuit 5 fa reading the 
content of the respective memory element; more pre- 
cisely, all the memory elements ABO, belonging to the 
eight CAM rows, are associated to a unique sensing cir- 

5 cuit 5, and the same holds true for the other memory 
elements AB1-AB7 and GB. The output of each sensing 
circuit 5, except from the output of the sensing circuit 5 
associated to the guard bits GB, supplies a respective 
two-inputs EXOR gate 6 whose other input is a respec- 

10 tive address signal A0-A7 of an address signal bus 
ADD; A0-A7 carry the current column address signal. 
Each EXOR gate 6 compares the content of the respec- 
tive memory element AB0-AB7 of the associated CAM 
bank with the logic state of one of the column address 

75 signals A0-A7. Ttie outputs of the EXOR gates 6 and 
the output of the sensing circuit 5 associated to the 
guard bit GB are supplied to a nine-input AND gate 7 
whose output RS0-RS3 supplies, together with the out- 
puts of the other three AND gates 7 associated to the 

20 remaining three CAM memory banks CAM2. .CAM4, the 
column decoding circuit 9 and a four-inputs OR gate 1 2. 
An output of the OR gate 12 forms the second-level 
redundancy selection signal YR, and also supplies the 
column decoding circuit 9. The output of a given AND 

25 gate 7 is high only when the digital code stored in the 
memory elements AB0-AB7 of the selected CAM row 
coincides with the current logic configuration of the col- 
umn address signals A0-A7, and when the guard bit GB 
of the selected CAM row is programmed. 

30 Circuits 5, 6 and 7 form altogether a circuit for rec- 
ognizing if the address currently supplied to the memory 
device coincides with a defective address stored in the 
CAM memory. 

Fig. 6 shows in detail the structure of one of the 

35 memory elements AB0-AB7 or GB, and of the respec- 
tive sensing circuit 5. As visible, each memory element 
AB0-AB7 or GB comprises two memory cells 10A, 10B 
having a control input 13A, 13B supplied with a respec- 
tive one of the CAM row selection signals CR1-CR8, a 

40 programming input 14A, 14B supplied with a program- 
ming voltage WRA, WRB, and a read output 15A, 15B 
supplying the sensing circuit 5. The read outputs 15A, 
15B of memory cells 10A, 10B are coupled, through 
respective voltage-limiting transistors 11 A, 11B, to 

45 respective inputs of a bistable latch comprising two 
inverters 11, 12. An output 16 of the latch is supplied to 
the respective EXOR gate 6 or, in the case of the guard 
bits GB, directly to the respective AND gate 7. The gate 
electrodes of voltage-limiting transistors 11 A, 11B are 

so biased by a bias voltage VB of approximately 2V which 
limits the voltage on the read output 15A, 15B of the 
memory cells at approximately 1V, to prevent soft-writ- 
ing errors. 

Fig. 7 is a detailed circuit diagram of one of the 
55 memory cells 10A, 10B. The memory cell comprises 
five floating-gate MOS transistors M1-M5. The first four 
floating-gate MOS transistors M1-M4 are parallely con- 
nected, having a source electrode connected to ground, 
a drain electrode connected to the read output 15A, 
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1 5B, and a control gate electrode connected to the con- 
trol input 13A. 13B of the memory cell 10A, 10B; the fifth 
floating-gate MOS transistor has a source electrode 
connected to ground, a drain electrode connected to the 
programming input 14A. 14B and a control-gate elec- 
trode connected to the control input 13A, 13B of the 
memory cell 10A, 10B. The five transistors M1-M5 have 
floating gates short-circuited to each other The first four 
floating-gate MOS transistors M1-M4 are simultane- 
ously activated during reading of the memory cell 10 
10B to provide a high sensing current, while the fifth 
floating-gate MOS transistor is used during program- 
ming of the memory cell 10A, 10B; since the five transis- 
tors M1-M5 have floating gates short-circuited to each 
other, the hot-electron current generated in the channel 
of M5 programs all the five transistors M1-M5 simulta- 
neously. The programming current required to program 
the memory cell is substantially equal to that of a single 
floating-gate MOS transistor, but the sensing current is 
approximately equal to four times the sensing current of 
a single floating-gate MOS transistor in the same bias- 
ing conditions. 

Fig. 8 is a circuit schematic of a programming circuit 
for programming the memory cells 10A, 10B of a mem- 
ory element AB0-AB7. The programming circuit com- 
prises a P-channel MOSFET controlled by a program 
enable signal PE to enable the supply of a programming 
voltage VPG (approximately 5-6V) to two other P-chan- 
nel MOSFETs 18A, 18B. MOSFET 18A is controlled by 
one of the column address signals A0-A7, while MOS- 
FET 18B is controlled by the complement of said col- 
umn address signal A0-A7. The drain of MOSFET 18A 
is connected to the programming input 14A of the mem- 
ory cell 10A, while the drain of MOSFET 18B is con- 
nected to the programming input 14B of the memory 
cell 10B. 7 

Fig. 9 schematically shows the structure of the col- 
umn decoding circuit 9. The circuit comprises a first 
decoder 19 supplied with the column address signals 
A5-A7 and generating the eight third-level selection sig- 
nals YM0-YM7; depending on the particular logic con- 
figuration of the address signals A5-A7, only one of the 
third-level selection signals YM0-YM7 is activated. The 
first decoder 19 is also supplied with the signal YR to 
inhibit the activation of anyone of the third-level selec- 
tion signals YM0-YM7, independently of the state of the 
address signals A5-A7, when the signal YR is active A 
second decoder 20 is supplied with the column address 
signals A2-A4 and generates the eight second-level 
selection signals YN0-YN7: only one of these signals 
YN0-YN7 is activated, depending on the state of the 
address signals A2-A4. A third decoder 21 is supplied 
with the remaining column address signals AO, A1 and 
with eight memory sector selection signals SS1-SS8 
and generates the eight groups of first-level selection 
signals YO0k-YO3k (k=l.. 8 ). The sector selection sig- 
nals SS1-SS8 are generated by another decoder 22 
also supplied by the address signal bus ADD, and 
according to the particular logic configuration of the 



address signals ADD one of the sector selection signals 
SSk (k=1..8) is activated. The activation of a given one 
of signals S§|$ allows the activation of a respective one 
of the four signals YO0h-YO3k of the group k, according 
s to the configuration of the address signals AO, A1 ; all 
the other first-level selection signals of the other groups 
YO0k-YO3k are not activated. The third decoder 21 is 
also supplied with the signal YR and with the redun- 
dancy selection signals RS0-RS3: when the signal YR 
w «s active, the activation of one of the first-level selection 
signals YO0k-YO3k corresponding to the selected sec- 
tor k does not depend on the address signals AO, A1 
but on the signals RS0-RS3, respectively. 

It is to be noted that when in a given portion Di of a 
is given memory sector a defective bit line is replaced by 
one of the four redundancy bit lines RBL0-RBL3 associ- 
ated to said portion Di, the same substitution takes 
place for all the bit lines belonging to the other portions 
of the memory sector but having the same address of 
20 the defective bit line; in other words, redundancy of a 
defective bit line is not independent from the portion Di 
in which the defective bit line is found. 

Fig. 10 schematically shows a circuit for selecting a 
redundancy operation mode for the Flash EEPROM 
25 One two operation modes is selected by a signal M In a 
first redundancy mode, access to all the eight CAM 
rows of the four CAM memory banks CAM1-CAM4 is 
enabled: the CAM row selection signal CR1 corre- 
sponds to the sector selection signals S1, CR2 corre- 
30 sponds to SS2, and so on. When the currently 
addressed sector is S1 , the first CAM row is addressed 
when the currently addressed sector is S2 the second 
CAM row is addressed, and so on. In this redundancy 
mode, the 256 redundancy bit lines provided in the 
35 memory device allow to repair a maximum of 32 defec- 
tive bit lines, provided that no more than four defective 
bit lines exist in each memory sector. This is made pos- 
sible because all the eight memory locations of each 
CAM memory bank CAM1 -CAM4 are employed so that 
40 four defective bit line addresses per each memory sec- 
tor can be stored in the CAM memory: a defective bit 
line in a given memory sector can be replaced without 
causing such replacement to take place in the other 
sectors. 

45 In a second redundancy mode, only the first CAM 
row of the four CAM memory banks can be accessed" 
only four defective bit line addresses can be stored in 
the CAM memory. In this redundancy mode, the 256 
redundancy bit lines provided in the memory device 
so allow to repair a maximum of four defective bit lines 
wherever they are found. When a defective bit line of a 
given memory sector is replaced by a redundancy bit 
line belonging to said memory sector, the same substi- 
tution takes place for all the bit lines belonging to the 
55 other memory sectors but having the same address of 
the defective bit line. In other words, it is not possible to 
useth redundancy bit lines of a given sector independ- 
ently from those of the other sectors. 

The selection of one of the two redundancy modes 
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takes place during the in-factory testing of the memory 
devica The first redundancy mode, even if it allows a 
higher number of defects to be repaired, causes a 
lengthening of the read access time of the memory 
device: in fact, when a transition of addresses takes 5 
place from a defective bit line in a given memory sector 
to another defective bit line in another memory sector, it 
is necessary to wait the settling of the sensing circuits 5 
of the redundancy control circuit; that is. reading of the 
content of the CAM memory locations is performed 10 
dynamically. The second redundancy mode does not 
show this drawbacks, because since the CAM memory 
locations never changes, their content is read at the 
power-up of the memory device, and it is necessary to 
wait for the sensing circuits 5 of the redundancy control 1S 
circuit to settle only at the power-up. 

The choice of either one of the two redundancy 
modes depends on the number of defective bit lines 
found in the memory device: rf this number is higher 
than four, the first redundancy mode will be enabled, 20 
while if this number is lower or equal to four, the second 
redundancy mode will be selected. 

It is important to underline that the redundancy con- 
trol circuit according to the present invention, when it is 
operated in the first redundancy mode, allows to repair 25 
up to 32 defective bit lines even if the area occupied by 2 
the redundancy control circuit in the memory device 
chip is substantially equal to the area which would be 
occupied by a redundancy control circuit capable of 
repairing only 4 defective bit lines. 30 3> 

In feet, in the redundancy control circuit of the 
present invention, only four circuits for recognizing the 
coincidence between the current address supplied to 
the memory device and a defective address are pro- 
vided (the four groups of circuits 5, 6 and 7 associated ss 
to each CAM memory bank CAM1-CAM4). This saving 4 
of chip area is made possible thanks to the use of a 
CAM memory to store the defective addresses. In a 
conventional redundancy control circuit, each group of 
circuits 5, 6 and 7 would be associated to a single 40 
respective memory register capable of storing only one 
defective address: in the redundancy control circuit 
according to the present invention, instead, each group 
of circuits 5, 6 and 7 is associated to eight CAM memory 
rows each one capable of storing a defective address: 45 
this means that each group of circuits 5, 6 and 7 can 
recognize eight defective addresses, instead of a single 5. 
one. The only drawback is represented by a slight 
increase in the read access time of the memory device 
because sensing of the content of the CAM memory is so 
performed dynamically each time the addressed sector 
changes: however, if the conventional architecture were 
used, a chip area eight time larger would be necessary. 



S8). each memory sector comprising an array of 
memory cells (MC) arranged in rows (WL0-WL255) 
and columns (BL0-BL255), redundancy columns 
(RBL0-RBL3) of redundancy memory cells (RMC) 
for replacing defective columns of memory cells, 
and a redundancy control circuit (CAM1-CAM4.S 
7, 1 2) for storing addresses of the defective columns 
and activating respective redundancy columns 
when said defective columns are addressed, char- 
acterized in that each memory sector comprises at 
least one respective redundancy column (RBL0- 
RBL3) and in that said redundancy control circuit 
comprises at least one memory means (CAM1- 
CAM4) comprising individually addressable mem- 
ory locations each one associated to a respective 
memory sector for storing, individually for each 
memory sector, addresses of a defective column 
belonging to the memory sector, and an address 
recognition means (5,6,7) associated to said mem- 
ory means for recognizing if a current address sup- 
plied to the memory device coincides with a 
defective column address stored in an addressed 
one of said memory locations associated to a cur- 
rently addressed memory sector. 

Memory device according to claim 1. characterized 
in that said at least one memory means (CAM1- 
CAM4) is a bank of a content addressable memory. 

Memory device according to claim 2, characterized 
by comprising means for individually addressing 
one of said memory locations of the at least one 
memory means (CAM1-CAM4) when the associ- 
ated memory sector (S1-S8) is addressed. 

Memory device according to claim 3, characterized 
in that said address recognition means (5,6,7) com- 
prises sensing means (5) for reading the defective 
column address stored in an addressed one of said 
memory locations of the memory means and com- 
parator means (6) supplied by said sensing means 
(5) for comparing the current address supplied to 
the memory device with the defective column 
address stored in the addressecd memory location 
of said memory means. 



Claims 



55 



Sectorized electrically erasable and programmable 
non-volatile memory device, comprising a plurality 
of individually-addressable memory sectors (S1- 



Memory device according to claim 4. characterized 
in that said address recognition means (5,6.7) com- 
prises means (7) for activating a respective redun- 
dancy selection signal (RS0-RS3) associated to the 
memory means (CAM1-CAM4) when a content of 
an addressed memory location of the memory 
means coincides with the current address supplied 
to the memory device, the redundancy selection 
signal controlling the selection of the at least one 
redundancy column (BLR0-BLR3) within the 
addressed memory sector (S1-S8). 

Memory device according to claim 5, characterized 
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in that each memory sector (S1-S8) comprises a 
plurality of respective redundancy columns (RBLO- 

252 redundanc y ^ eta* 

(CAM1-CAM4.5-7.12) comprises a respective plu- 
rality of said memory means (CAM1-CAM4) each 
one associated to a respective redundancy column 
in each memory sector, and a respective plurality of 
address recognition means (5.6,7) each one asso- 
ciated to a respective memory means. 

7. Memory device according to claim 6. characterized 
m that each memory means (CAM1-CAM4) of said 
plurality of memory means is a bank of a content 
addressable memory. 

8. Memory device according to claim 7. characterized 
m that said redundancy control circuit comprises 
redundancy mode selection means for selecting 
one of two redundancy modes, a first redundancy 
mode allowing all the memory locations of each of 
said plurality of memory means (CAM1-CAM4) to 
be individually addressable when the correspond- 
ing memory sector (S1-S8) is addressed, so that 
each memory location can store an address of a 
defective column belonging to the memory sector 
associated to said memory location independently 
from the addresses of defective columns belonging 
to other memory sectors stored in the other mem- 
ory locations of said memory means, a second 
redundancy mode allowing only one memory loca- 
tion of each of said plurality of memory means to be 
addressable for storing an address of a defective 
column of anyone of the memory sectors (S1-S8) 



w 



M4). the program transistor (M5) having a program 
input coupled to said program input (14A.14B) of 
the memory cell (10A.10B) and a control input cou- 
pled, together with the control inputs of the read 
transistors (M1-M4). to the control input (13A.13B) 
of the memory cell (10A.10B). the read transistors 
(M1-M4) having a read output coupled to a read 
output of the memory cell (10A.10B). the program 
transistor (MS) having a floating-gate electrically 
connected to floating-gates of the read transistors 
(M1 -M4). 



12. Memory device according to claim 11, character- 
ized in that the redundancy control circuit corn- 
's prises a program circuit (17.18A.18B) for 
programming the memory cells (10A.10B) of the 
memory elements (AB0-AB7.GB) of each memory 
location of the memory means (CAM1-CAM4). 



9. Memory device according to claim 8. characterized 
in that each memory location of each of said plural- 
ity of memory means (CAM1-CAM4) comprises a 
plurality of memory elements (AB0-AB7GB) com- 
prising a number of address memory elements 
(AB0-AB7) corresponding to a number of column 
address signals (A0-A7) of the memory device and 
a further memory element (GB) signaling thm an 
address of a defective column is stored in the 
address memory elements (AB0-AB7) of said 
memory location. 

10. Memory device according to claim 9. characterized 
in that each memory element (AB0-AB7.GB) com- 
pnses two memory cells (10A.10B) suitable to be 
programmed in complementary states, each mem- 
ory cell (10A.10B) having a control input (13A.13B) 
a program input (14A.14B) and a read output 
(15A.15B). 

11. Memory device according to claim 10. character- 
ized in that each of said memory cells (10A.10B) 
comprises at least one program floating-gate MOS 
transistor (M5) and a plurality of parallely-con- 
nected read floating-gat MOS transistors (M1- 



20 13. Memory device according to claim 12. character- 
ized in that said program circuit (17.18A.18B) com- 
prises means (17.18A.18B) for selectively coupling 
the program input of each memory cell (10A.10B) to 
a programming voltage (VPG) according to a logic 
25 state of a column address signal (A0-A7) associ- 
ated to said memory element (AB0-AB7.GB). 

14. Memory device according to claim 7. characterized 
by comprising column selection means (2 3 4) for 
30 selecting one column (BL0-BL255) belonging to a 
currently addressed memory sector (S1-S8), and 
redundancy column selection means (2R.4R) for 
selecting one redundancy column (BLR0-BLR3) 
belonging to the currently addressed memory sec- 
35 tor (S1-S8) in alternative to a defective column 
(BL0-BL255) belonging to the addressed memory 
sector (S1-S8). an address of said defective column 
being stored in a memory location associated to the 
addressed memory sector of said memory means 
40 (CAM1-CAM4). 

15. Memory device according to claim 14. character- 
ized in that within each memory sector (S1 -S8) said 
columns (BL0-BL255) are grouped together in 
45 9 rou P s 01 columns coupled to respective second- 
level columns (B1-B64) common to all the memory 
sectors (S1-S8). and in that within each memory 
sector (S1-S8) the redundancy columns (RBL0- 
RBL3) are coupled to a second-level redundancy 
50 (S1 U S8) C ° mm0n t0 *" tne memor y sectors 

16. Memory device according to claim 15. character- 
ized in that said column selection means comprises 
55 first-level selection means (2) associated to each 
memory sector (S1 -S8) fa selectively coupling one 
column for each group of columns to the respective 
second-level column (B1-B64), and second-level- 
column selection means (3.4) common to all the 
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memory sectors (S1-S8) for selecting one of the 
second-level columns (B1-B64), and in that said 
redundancy column selection means (2R t 4R) com- 
prises first-level redundancy selection means (2R) 
associated to each memory sector (S1-S8) for 5 
selectively coupling one redundancy columns 
(RBL0-RBL3) to the second-level redundancy col- 
umn (RBi), and second-level redundancy selection 
means (4R) common to all the memory sectors 
(S1-S8) for selecting the second-level redundancy w 
column (RBi) in alternative to the second-level col- 
umns (B1-B64). 

17. Memory device according to claim 16, character- 
ized in that said redundancy control circuit controls 75 
the activation of said first-level redundancy selec- 
tion means (2R) and of said second-level redun- 
dancy selection means (4R), and prevents the 
activation of said second-level-column selection 
means (3,4) when a defective column is addressed. 20 

18. Memory device according to claim 17, character- 
ized in that the redundancy control circuit com- 
prises means (12) for activating said second-level 
redundancy selection means (4R) when at least 25 
one of the redundancy selection signals (RS0-RS3) 
associated to each memory means (CAM1-CAM4) 

is activated, said redundancy selection signals 
(RS0-RS3) activating the first-level redundancy 
selection means (2R) and preventing the activation 30 
of said second-level-column selection means (3 4) 
when activated. 

19. Memory device according to claim 18, character- 
ized in that said columns (BL0-BL255) within each 
memory sector (S1-S8) are physically formed by 
strips of a first-level interconnection layer and said 
second-level columns (B1-B64) common to all the 
memory sectors are physically formed by strips of a 
second-level interconnection layer, and in that said 
redundancy columns (RBL0-RBL3) within each 
memory sector are physically formed by strips of 
the first-level interconnection layer, and said sec- 
ond-level columns (B1-B64) and second-level 
redundancy column (RBi) common to ail the mem- 
ory sectors are physically formed by strips of the 
second-level interconnection layer. 
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